T here are nearly 3 million breast cancer survivors in the United States, and over 200,000 women are newly diagnosed with breast cancer each year. 1 Decision making for surgical treatment in early stage breast cancer often requires the patient to make complex choices. For example, breast-conserving therapy (lumpectomy plus radiation) and mastectomy have been shown to have equivalent survival outcomes, 2 yet each comes with different risks and benefits for the patient. In thinking about their surgical treatment options, women need to trade off issues related to body image 3 and anxiety, 4 among many others. 5 These decisions often require women to think about what is important to them at the time,
as well as what may be important to them in the future. Importantly, because most patients with early stage breast cancer can expect to live for years, if not decades, following diagnosis, patients' feelings about their breast cancer treatment decision making may contribute to quality of life in survivorship. [6] [7] [8] Regret is a construct used to describe the negative psychological and emotional state associated with the feeling that one's current situation would be preferable had a different path been chosen. 9 Measurement of regret related to treatment decision making is increasingly being used in health care research to assess the quality of the decision-making process. 10 Anticipatory regret, or the worry that taking the wrong course of action may lead to regret in the future, has been hypothesized to be associated with decision making in cancer, 11 and research demonstrates patients tend to express more regret about inactions rather than actions. 12, 13 Some research in breast cancer has shown patient preferences for more aggressive surgery to be associated with a desire for future ''peace of mind'' related to treatment decisions. 4 Thus, some patients may make decisions for more extensive treatment based on the sentiment that they do not want to later regret decisions related to their cancer care.
Prior research indicates that most women are largely satisfied with their treatment decisions, particularly around surgical decision making, and express low levels of decision regret. [14] [15] [16] [17] [18] [19] [20] However, some vulnerable groups, such as Latinas with low acculturation, have been shown to express less satisfaction and significantly more decision regret compared with whites. 21 Furthermore, although some research has measured the stability of decision satisfaction among patients with breast cancer over a short amount of time, 18 to date, we know little about women's feelings of decision regret beyond the phase of immediate treatment and recovery and into the survivorship period. No research has assessed whether decision regret increases or decreases over time as a function of surgical decisions made at the time of diagnosis.
Consequently, the objectives for this study were 3fold. First, to characterize change in decision regret over time in a population-based cohort of breast cancer patients with localized disease, including increases, decreases, and maintenance of initial decision regret. Second, to examine factors associated with change in decision regret over time, focusing specifically on whether change is associated with breast surgery type following diagnosis or experiencing a new diagnosis of breast cancer following initial treatment. Finally, among those women who underwent unilateral or bilateral mastectomy as a component of their primary breast cancer treatment, to evaluate change in decision regret over time as a function of receipt of breast reconstruction.
We hypothesized that receipt of less extensive surgery following diagnosis (lumpectomy) would be associated with a significant increase in decision regret over time compared with receipt of more extensive surgery following diagnosis (mastectomy). We also hypothesized that having a new diagnosis of breast cancer following initial treatment would be associated with increased regret over time. Finally, among women who underwent unilateral or bilateral mastectomy, we hypothesized that change in decision regret would differ significantly by reconstruction status.
METHODS

Sample Selection and Survey Methods
Data for these analyses come from a cohort study of women newly diagnosed with breast cancer between July 2005 and February 2007 reported to either the Los Angeles County or Metropolitan Detroit Surveillance, Epidemiology, and End Results (SEER) tumor registries. Study recruitment consisted of a 20% random sample of non-Latina white women in both study sites. In both Detroit and Los Angeles, all eligible black patients were accrued, and all eligible black and Latina patients were accrued in Los Angeles. Asian women were not included in this study because SEER does not allow for concurrent enrollment of patients into studies, and there was an ongoing study of Asian patients with breast cancer at the L.A. site during the time of study recruitment. Other exclusions included women with inflammatory breast cancer or metastatic disease and those who were unable to complete a survey in either English or Spanish.
Sampling and survey methods have been published previously in further detail. [21] [22] [23] [24] [25] Briefly, following notification of physicians regarding our intent to contact their patient(s), eligible patients were mailed an introductory letter, questionnaire, return envelope, and a $10 gift approximately 6 to 9 months postdiagnosis. Patients with a Spanish surname were mailed all materials in both English and Spanish. 26 A modified version of the Dillman survey method was used to maximize response rates. 27 After 3 weeks, nonresponders received a follow-up post card, followed by a telephone call. For those with Spanish surnames, this phone call was done by a bilingual interviewer. Respondents to the first survey were resurveyed approximately 4 years later. The same modified Dillman method was used at time 2. See Figure 1 for our study flow diagram.
Measures
Decision Regret
The primary outcome measure for this analysis was decision regret, measured using the same 5item scale at both time 1 and time 2. This scale was based on prior work by Brehaut and others, 28 yet for the purposes of our study, items were customized to reflect elements specific to breast cancer surgery decision making. Prior to survey administration, items were piloted in breast cancer patients and survivors to establish content validity. Items were framed in response to the prompt ''If I had to do it over . . .'' and were scored on 5-point Likert-type scales, ranging from strongly disagree (0) to strongly agree (4). The 5 items are as follows (higher scores indicate more regret):
I would make a different decision about what type of surgery to have (that is, whether to have a lumpectomy or mastectomy). Psychometric evaluation of these 5 items demonstrated a single factor at both time 1 and time 2, with relatively high internal consistency (Cronbach's a: 0.84 at both). Consequently, total regret summary scores were created for both time 1 and time 2. Scores consisted of the summed total of responses from the 5 decision regret measures. 23 These scores ranged from 0 (least possible regret) to 20 (most possible regret) at each time point.
Independent Variables
Type of breast cancer surgery at time 1 was provided by participant self-report. This was categorized as lumpectomy, unilateral mastectomy, or bilateral mastectomy.
Whether or not the patient had an additional episode of breast cancer following the time 1 survey was obtained by a question in the time 2 survey: ''Have you had another episode of breast cancer since you were first diagnosed and treated?'' (yes v. no).
Receipt of reconstruction (among women who underwent unilateral or bilateral mastectomy only) was provided by participant self-report (yes v. no). 
Additional Variables
A number of control measures were included in this analysis, including race/ethnicity (and acculturation), age, income, marital status, education, cancer stage, and number of comorbidities.
The Short Acculturation Scale for Hispanics (SASH), 29 a language-based measure, was used to account for acculturation. On the basis of responses to this measure, Latina participants were divided into groups of high and low English proficiency This resulted in 4 racial/ethnic categories: white, black, high-acculturated Latinas (high English proficiency), and low-acculturated Latinas (low English proficiency). This measure has previously been used to account for Latina acculturation using these data. 21, 26, [30] [31] [32] Age was categorized as ''50 years or less,'' ''50 to 64 years,'' and ''65 years and older,'' and marital status was categorized as ''married or living with a partner'' v. ''not married or not living with a partner.'' Education was categorized as ''high school diploma or less'' v. ''some college or more.'' Annual income was categorized as ''less than $20,000,'' ''$20,000 to $69,999,'' ''$70,000 or more,'' or ''don't know, refused or missing.'' Number of comorbidities served to account for participant health status. This measure was patientreported and categorized as none, 1, or 2 or more.
Severity of disease was categorized in our analysis as stage 0, stage I to II, or stage III at diagnosis based on American Joint Committee on Cancer (AJCC) staging information provided by SEER.
This study was approved by the Institutional Review Boards of the University of Michigan, the University of Southern California, and Wayne State University.
Sampling and Survey Weights
To allow our statistical inferences to be more representative of the original targeted population and reduce nonresponse bias, we applied complex survey weights to the calculation of percentages, means, standard deviations (SD), t tests and multivariable regression analyses described previously with the ''survey'' package in R. The survey weights were calculated to account for differential probabilities of sample selection and nonresponse (e.g., patients who did not respond to both surveys were more likely to be black-35.2% v. 26.7%, P \ 0.001; to be Latina-17.2% v. 13.3%, P = 0.002; to have stage II-III disease-54.9% v. 37.8%, P \ 0.001; and to have undergone mastectomy-37.5% v. 30.8%, P \ 0.001). 33 The jackknife resampling method was used to obtain estimates that are robust toward nonnormal distributions.
Statistical Analysis
To describe the sample characteristics, we reported the number of patients in each patient subgroup with the corresponding weighted percentage. The weighted mean and standard deviation of decision regret were reported for both time 1 and time 2. Weighted t tests were then used to compare the change in decision regret from time 1 to time 2 by the sample overall and each variable subcategory. Multivariable linear regression was used to model decision regret at time 2, controlling for decision regret at time 1, as a function of 2 key independent measures: surgery type at time 1 (lumpectomy, unilateral mastectomy, or bilateral mastectomy) and report of a new diagnosis of breast cancer at time 2, while adjusting for race/ethnicity (and acculturation), age, income, education, cancer stage, and comorbidities at time 2. Driven by our hypothesis that the relationship between surgery type and change in decision regret could differ between women who had experienced a new diagnosis of breast cancer v. those who had not, we included an interaction term between surgery type and a new diagnosis of breast cancer at time 2, controlling for all covariates as were in the prior model.
Finally, restricting the sample only to those women who reported receipt of either unilateral or bilateral mastectomy and for whom we had data on receipt of reconstruction, we modeled decision regret at time 2, controlling for decision regret at time 1, as a function of receipt of breast reconstruction. Because we hypothesized that change in decision regret over time may significantly differ by both type of mastectomy (unilateral or bilateral) and whether or not the participant received reconstruction, we ran a final model including an interaction between mastectomy type and reconstruction receipt.
We originally hypothesized that participant concern about breast cancer recurrence (assessed at time 1) may be associated with both surgery type at time 1 as well as change in decision regret over time. Consequently, we included a measure of concern about recurrence in preliminary adjusted models. This was a composite score based on 2 questions: ''When decisions were being made about your surgery, how important was it that the type of surgery you had . . .'' 1) ''would keep you from worrying about the cancer coming back?'' and 2) ''would reduce the chances of the cancer coming back?'' These were both scored on 5-point scales, ranging from not at all important to very important. Responses were summed to create a composite score ranging from 0 as least concern to 8 as most concern. Consistent with prior treatment of this measure, we dichotomized scores of 7 as ''high concern about recurrence'' v. 6 as ''average or low concern about recurrence.'' 21 This measure was not independently significant in adjusted models, and removal did not alter results. Thus, in the interest of model parsimony, participant concern about breast cancer recurrence was not included as a covariate in final adjusted models.
All analyses were conducted using R package version 2.13. 34 
RESULTS
The analytic sample included 1536 women for whom both time 1 and time 2 survey data were available. The response rate was 73% for the time 1 survey and 68% for the time 2 survey (Figure 1 ). Using weights, 42% (n = 728) of the sample was white, 17% was black, 19% were high-acculturated Latinas, and another 20% were low-acculturated Latinas. Most participants (61%) reported undergoing lumpectomy (with radiation), 29% reported receipt of unilateral mastectomy, and 8% reported having undergone a bilateral mastectomy. Among participants who reported receipt of unilateral or bilateral mastectomy and for whom we had complete data on breast reconstruction (n = 336), 63% reported having breast reconstruction (n = 212). Of those women who underwent unilateral mastectomy, 52% had reconstruction (n = 141), and of those women who underwent bilateral mastectomy, 83% (n = 71) had reconstruction. Only 6% of our sample (n = 86) reported a second diagnosis of breast cancer by the time 2 survey. Further sample characteristics are presented in Table 1 . Table 2 presents mean regret scores at time 1 and time 2 and associated P values for change in regret from time 1 to time 2 by independent variables. Mean regret at time 1 for the overall sample was significantly lower compared with mean regret at time 2 (4.90 v. 5.40, respectively, P \ 0.001, out of a maximum of 20). While there was no significant change in mean regret score between time 1 and time 2 for women reporting receipt of unilateral mastectomy or bilateral mastectomy, women reporting receipt of lumpectomy reported an increase in decision regret from 4.38 points at time 1 to 5.21 points at time 2 (P \ 0.001) in the bivariate analysis.
Among women who underwent either unilateral or bilateral mastectomy, mean decision regret at time 1 was 4.43 for those who also underwent reconstruction, compared with 7.37 for those who did not (P \ 0.001). Change in decision regret from time 1 to time 2, however, was not significant for either group.
Mean regret scores increased significantly from time 1 to time 2 for both participants reporting a new diagnosis of breast cancer at time 2 (from 5.83 to 7.99; P = 0.006) as well as those who did not report an additional diagnosis of breast cancer at follow-up (from 4.86 to 5.26; P \ 0.001). However, the increase in decision regret from time 1 to time 2 was larger for those women reporting a new diagnosis compared with those who did not. Mean regret at time 1 for white participants was 3.47, compared with 4.77 for black participants, 5.17 for high-acculturated Latinas, and 7.79 for low-acculturated Latinas (P \ 0.001). Decision regret increased significantly from time 1 to time 2 for white participants (P = 0.001) and black participants (P = 0.005), but there was no significant change from time 1 to time 2 for low-or high-acculturated Latinas in unadjusted analyses.
Mean regret increased from 5.09 to 5.89 for participants reporting 2 or more comorbidities (P \ 0.001). However, mean regret did not change significantly from time 1 to time 2 for those participants either with one or no comorbidities. Participants who were not married or partnered reported significantly increased regret over time, from 5.06 points at time 1 to 5.71 points at time 2 (P = 0.002). There was no significant change in mean regret from time 1 to time 2 for married participants in unadjusted analysis. Results of the fully adjusted model of change in decision regret from time 1 to time 2 in the overall sample are presented in Table 3 . There was no association between receipt of unilateral mastectomy or bilateral mastectomy and change in decision regret over time, relative to lumpectomy. Reporting a new diagnosis of breast cancer at time 2 was associated with a 2.55-point increase in decision regret from time 1 to time 2 (P = 0.003) compared with women who did not report a new diagnosis of breast cancer. Reporting 2 or more comorbid conditions (v. none) at time 2 was also associated with a 1.34-point increase in decision regret over time (P \ 0.001). Relative to white participants, low-acculturated Latinas reported an average 1.78-point increase in decision regret from time 1 to time 2 (P \ 0.001). There were no significant changes in decision regret over time by age, income, education, marital status, or disease stage.
In the multivariable model including the interaction term (not shown), the association between surgery type and change in decision regret between time 1 and time 2 did not differ significantly by whether or not a report of a new diagnosis of breast cancer at time 2 occurred. Table 4 presents the adjusted linear model of change in decision regret from time 1 to time 2, restricted to those participants who underwent either unilateral or bilateral mastectomy and for whom we had complete data on receipt of reconstruction. In this model, there was no significant association between type of mastectomy (unilateral v. bilateral) or report of a new diagnosis of breast cancer at time 2 and change in decision from time 1 to time 2. Receipt of breast reconstruction was also not associated with change in decision regret in this model. Table 4 also presents a model including an interaction between surgery type and receipt of reconstruction. The association between surgery type and change in decision regret differed by 2.84 points depending on reconstruction receipt (P = 0.013): women who underwent bilateral mastectomy and reconstruction reported significantly increased decision regret over time, relative to those who underwent unilateral mastectomy and did not have reconstruction.
DISCUSSION
In our study of change in decision regret over time among women with localized breast cancer, we found low levels of decision regret both 9 months following diagnosis, as well as 4 years later. While there was a statistically significant increase in decision regret from time 1 to time 2 in the overall sample, this increase was small. This result is consistent with prior studies of decision regret and/or satisfaction measured earlier in the course of breast cancer treatment that suggest that most women report being satisfied with their treatment and have low levels of decision regret. 14, 21 Our results add to this literature by documenting that this trend tends to stay relatively stable over time, as we found that most women did not shift significantly in their reported decision regret (either increase or decrease) by the time 2 survey point. Specifically, we found no significant difference in change in decision regret over time by surgery type following diagnosis. We did, however, find a significant increase in decision regret associated with reporting a new diagnosis of breast cancer at time 2. Thus, findings from our large and diverse population-based sample suggest that most women do not experience great increases in regret the further they are from their primary treatment, yet women who experience a new diagnosis of breast cancer following the completion of initial treatment may experience increasing feelings of regret related to their previous cancer-related decisions.
Our findings are consistent with other studies that found overall low levels of decision regret following initial treatment for breast cancer. 14, 21 Published research on the trajectory of decision regret over time in this population, however, is limited. We were able to identify one study related to change in decision regret over a number of years in a cohort of women diagnosed with breast cancer. This study focused specifically on feelings of regret among younger patients (50 years). The authors found that decision regret remained low for most patients 5 years following diagnosis, but having a recurrence of breast cancer and presence of anxiety during initial treatment were predictive of high decision regret 5 years later. 12 A number of other studies in this domain are specific to women not yet diagnosed with breast cancer but with genetic mutations that put them at elevated risk for breast cancer (i.e., BRCA mutations). 16, [35] [36] [37] These studies of decision regret related to prophylactic bilateral mastectomy have found low levels of regret following surgery and continued low levels of regret up to 20 years later. 16 Similar studies in patients with prostate cancer have also found both low initial decision regret 38 and maintenance of low regret over time. 39, 40 This collection of findings of both low and stable levels of decision regret over time is consistent with the theory of cognitive dissonance. This theory posits that individuals seek to reduce internal conflict by aligning cognitions and behaviors. 41 Applied in the context of breast cancer decision making, women living with the result of decisions made following diagnosis (i.e., mastectomy or lumpectomy) may be internally motivated to come to accept their prior decision. The result of this acceptance process would be a tendency toward either stable or lessening feelings of decision regret over time.
Prior research has shown that breast cancer treatment decision making is largely motivated by the desire to avoid cancer recurrence, and many women report the desire for ''peace of mind'' as a major factor in surgical decision making. 4 However, most women with early stage breast cancer overestimate their risk of breast cancer recurrence, 42 as well as the risk of developing a new cancer in the opposite breast. 43 While mastectomy rates for early stage breast cancer fell between 1995 and 2005, in recent years, rates of both unilateral mastectomy and bilateral mastectomy have been increasing steadily. 44, 45 Increasing use of bilateral mastectomy in the case where there is no contralateral breast cancer present is increasingly drawing attention for being a possible problem of overuse. Moreover, bilateral mastectomy may pose significant risks and complications to the patient without commensurate medical benefit. 46, 47 In our population-based study of women with localized breast cancer, we found no significant differences in change in decision regret from 9 months to 4 years following diagnosis by breast cancer surgery type. This suggests that irrespective of the surgery women choose following diagnosis, they are unlikely to experience significant changes in decision regret in the future.
Among women who undergo mastectomy, research has shown women are largely satisfied with their decision making with regard to breast reconstruction, 48 yet to date little has been known about the stability of these feelings over time. In our subanalysis of change in decision regret from 9 months to 4 years following diagnosis among women who underwent either unilateral or bilateral mastectomy, we found no differences in change in decision regret over time by receipt of reconstruction. We did, however, find an interaction between type of mastectomy and reconstruction. Specifically, women with bilateral mastectomy who underwent reconstruction reported a significant increase in decision regret over time relative to those women who did not receive reconstruction following unilateral mastectomy. Regret at both time points, however, was substantially lower for women who underwent bilateral mastectomy with reconstruction than those women who underwent unilateral mastectomy without reconstruction. This suggests that that while regret may increase significantly over time for women who undergo bilateral mastectomy with reconstruction compared with those with unilateral mastectomy who do not, women with bilateral mastectomy and reconstruction have lower decision regret overall.
Due to sample size limitations, we did not analytically distinguish between types of reconstruction (e.g., tissue transfer, implants). Different types of reconstruction come with varying risks and benefits to the patient, many of which are borne out in the survivorship period. 49 While our sample of women with both bilateral mastectomy and reconstruction was small, our findings suggest a need for further research in this population, particularly if use of bilateral mastectomy among women with localized breast cancer continues apace of the current trend.
Previous work has shown that young women with either a new or recurrent breast cancer are more likely to express some regret about their primary treatment decisions. 12 Thus, it is not surprising that in our sample, receipt of a new diagnosis of breast cancer at time 2 was associated with a larger and significant increase in regret over time compared with those without an additional diagnosis. Participants faced with an additional diagnosis of breast cancer within a relatively short period of time following an initial diagnosis may be at risk for a number of psychosocial issues, including anxiety and depression. 50 Feelings of regret associated with former treatment decisions may compound patient distress. These patients may benefit from provider-led conversations aimed at assuaging guilt or excessive regret associated with prior decisions.
Our study was limited by the fact that our data collection tool did not differentiate between local recurrence, distant recurrence, or diagnosis of a new primary breast cancer. These 3 groups may experience different trajectories of regret related to initial treatment decisions, particularly surgery. We observed slightly fewer new diagnoses of breast cancer during follow-up than has been reported in prior studies. 51 Future research on changes in decision regret over time may benefit from longer analytic windows to accrue a more robust sample of women with secondary diagnoses of breast cancer to facilitate subgroup analysis.
We also observed a notable change in decision regret over time by race/ethnicity (and acculturation). Low-acculturated Latinas reported significantly greater increases in decision regret from time 1 to time 2 relative to our white study participants. This is consistent with some prior literature 21 that showed higher decision regret immediately following treatment in this group compared with whites. Results from our study confirm these pervious findings but further suggest that their decision regret may worsen over time. As suggested by others, reasons for higher decision regret in this group may be less associated with type of treatment received (as they were treated at the same rates with the same surgery types) than with the decision-making process. Low-acculturated Latinas may have had difficulty understanding information or comprehending the complexity of their treatment options following diagnosis. It is possible that dissatisfaction with the decision-making experience could increase over time, especially if they learned more about their decision options during the survivorship period. 31 While it is unclear to what extent increasing decision regret over time may contribute to disparities in quality of life between low-acculturated Latinas and white breast cancer survivors, it is an area warranting further study. Our findings suggest low-acculturated Latinas may uniquely benefit from clinical or psychosocial support related to decision-associated distress.
This study had several additional limitations. Our data come from 2 distinct urban areas, Detroit and Los Angeles, and therefore may not be generalizable to women in other dissimilar areas. However, national estimates of use of lumpectomy, unilateral mastectomy, and bilateral mastectomy in localized breast cancer are quantitatively similar to our study cohort. 52 While we had relatively high sample retention of study participants from time 1 to time 2, our study experienced some attrition. Experiences of regret or health status may have differed between those women who completed the study at both time points and those who were either lost to follow-up or declined to participate. Although we cannot address the bias arisen from differential attrition rates associated with unmeasured confounders, we have incorporated survey weights in all of our analyses to minimize the nonresponse bias attributable to measured variables. Moreover, while this study spans a 3-year follow-up period, we only have participant data for 2 distinct points in time. Consequently, we do not know whether decision regret may have changed in important ways at different points during the follow-up period. Further research examining changes in decision regret over time may benefit from more frequent follow-up contacts with participants.
Our study is also limited by our use of a novel measure of decision regret. This constrains our ability to compare our results with other studies of decision regret following breast cancer treatment. Unlike a global measure of decision regret, our measure was designed to evaluate specific and important aspects of decision making for breast cancer surgery. Thus, we may have been able to more accurately capture women's feelings of decision regret specific to their surgical decision making.
Finally, our finding that low-acculturated Latinas had the most decision regret at both time points may be partially attributable to acquiescence bias (the tendency to respond consistently in one direction-either positively or negatively-regardless of actual feelings about the content of the survey item), as acquiescence bias is more common among survey respondents with lower levels of acculturation. 53 In our study, higher scores on 4 measures of regret were designated by the endorsement of ''strongly agree,'' which may be considered an acquiescent response. We did have one reverse-coded question, and the fact the low-acculturated Latinas endorsed this in the opposite direction suggests they were appropriately responding to the questions. However, future work examining decision regret among low-acculturated populations should attempt to adjust for this potential source of bias.
CONCLUSIONS
In our diverse, population-based sample of patients with localized breast cancer, decision regret was low at both 9 months and 4 years following diagnosis, and reported feelings of decision regret were stable over time for most patients. Irrespective of surgery type, most women with localized breast cancer are unlikely to experience increasing decision-related regret following diagnosis into the survivorship period. However, women who receive a second diagnosis of breast cancer following initial treatment with curative intent may be at risk of regret-related distress.
